In this study, two slags of different chemical compositions were blended with a CEM I 52.5R-type Portland cement at 30% wt. replacement ratio. Various tests such as strength, water and chloride ion permeability test were carried out at a high temperature of 38°C. The performances of the slag blends were measured against that of a CEM I 42.5R-type Portland cement. The results obtained showed that the performances of the slag blends were better than that of the CEM I 42.5R cement. In comparing the performances of the slags, the blend prepared from slag 1 had higher strengths and better transport properties than that prepared from slag 2, and this was attributed to the higher basicity and alumina content of slag 1. The findings of the study suggest that in tropical/ high temperature environments, the chemical composition of the slags play an important role in determining their performance.
Several studies (Babu and Kumar, 2000; Barnett et al., 2006; Pavía and Condren, 2008; Lothenbach et al., 2011) have shown that using GGBS to partially replace PC in the making of concrete improves its properties. However, most of these studies were carried out in temperate environments. Only few studies, e.g. (Escalante et al., 2001; Ogirigbo and Black, 2016) , have looked at how high temperatures affect the performance of slag blends. These studies showed that high temperatures accelerate the early hydration of slags, but the impact this will have on strength and transport properties was not sufficiently investigated. For a tropical environment like Nigeria, where temperatures vary from 26°C in the Southern parts to about 45°C in the Northern parts, it is imperative to study how high temperatures affect the performance of slag blended cements.
Materials and Methods

Materials
Two slag blends were prepared by mixing two slags of similar physical properties but different chemical composition (as seen in Table 1) , with a CEM I 52.5R-type cement, at a replacement ratio (PC:GGBS) of 70:30. The strength and durability performance of the slag blends were compared against that of a CEM I 42.5R, which is a common type of cement used in Nigeria.
Details of Mixes and Curing Conditions
Three mixes were used for the studya control mix (C) and two slag mixes designated as S1 and S2 respectively. Mortar samples were prepared from these mixes in accordance with (EN196-1:2005), and were used for all the tests. After mixing, the samples were poured into moulds and left to cure under air for a period of 20 -24 hours. Thereafter, the samples were de-moulded and placed under water in curing tubs maintained at temperatures of 38°C, which is typical of a tropical environment. 
Test Methods
Unconfined compressive strength (UCS) was determined according to (EN196-1:2005) . 40 x 40 x 160mm mortar prisms were cast and cured for periods of 1, 7, 28, 90 and 180 days.
Sorptivity was determined in triplicate according to the method used by (Tasdemir, 2003) . 50mm mortar samples were used for the test. The samples were cured for 28 days, after which they were dried to constant mass in an oven at 50°C. After drying, the sides of the samples were coated with paraffin and weighed to obtain the initial mass before they were placed in a trough of water. The water level was kept at about 5mm from the base of the samples. The mass of the samples were recorded at predetermined times (1, 4, 9, 16, 25, 36, 49 and 64 mins) . At each of these times, the mass of water absorbed by each specimen was calculated by subtracting the initial mass from the recorded mass, and from this the sorptivity coefficient (k) was determined using the following expression:
where:
Q is the amount of water adsorbed in m 3 t is the time in seconds A is the cross-sectional area of the specimen that was in contact with the water in m 2 k is the sorptivity coefficient in m 3 /m 2 s 1/2 .
Water absorption tests were carried out according to (BS1881-122:2011) using mortar samples. The mortar samples used were similar to those used for sorptivity test, in that they were prepared and cured in the same way. After curing, the samples were placed in an oven at 105°C for a period of 72 hrs. Thereafter, the samples were allowed to cool under air for about two hours, after which they were weighed and immersed completely in water for various periods of 10, 30, 60 and 120 mins. The mass of the samples were recorded at each of these times and the water absorbed (Wa) as a percentage was obtained using the expression below.
Md dry mass of the sample in grams
Mt mass of the sample after time t, in grams K correction factor for the shape of the samples, which is equal to 0.667 (BS1881-122:2011)
Wa water absorbed in % The depth of chloride ion penetration was determined using the silver nitrate colouration technique as used elsewhere (Otsuki et al., 1992; Güneyisi and Mermerdaş, 2007; Ogirigbo and Black, 2017) . 50 mm mortar cubes were exposed to a 3% NaCl solution after an initial 28 days of wet curing. The samples were withdrawn periodically at 14, 28, 56 and 90 days during the 90-day soaking period to determine the depths of chloride ion penetration. The withdrawn samples were split in half and the surfaces of the freshly split samples were sprayed with a 0.1M silver nitrate solution. The presence of free chlorides is indicated by the formation of a white precipitate of silver chloride. Thus, by linear measurements from the edge of the specimen up to the colour change boundary, the depth of free chloride penetration was determined. Figure 1 shows the unconfined compressive strength (UCS) development of all the mixes at 38°C. Within the first 28 days, all the mixes had gained more than 85% of their strength. This can be attributed to the influence of the high temperature curing, which is known to accelerate early hydration of cement, thereby leading to high early strengths (Brooks and Al-kaisi, 1990; Barnett et al., 2006) . From the figure, it can be seen that the slag mixes had better strength performance than the plain CEM I 42.5R mix at all ages, unlike other studies at 20°C (Ogirigbo and Black, 2015) where early age strength development was found to be retarded with composite cements. The high temperatures here offset this slow strength development. This is because the hydration of slag in the presence of PC depends on the breakdown and dissolution of the glass slag structure by hydroxyl ions released during the hydration of PC (Pal et al., 2003) , and this process is known to be accelerated at high temperatures (Escalante et al., 2001) . In comparing both slags, the slag 1 mix was expected to perform better than the slag 2 mix due to its higher basicity (Ca/Si = 1.05, as compared to that of slag 2 -Ca/Si = 0.94). However, the difference in strength performance between the two slag mixes was only obvious at later ages, of 28 days and beyond. This suggests that in high temperature environments, the basicity of slags which is a function of their chemical composition is an important parameter that can influence their later strength performance. 
Results and Discussion
Strength Performance
Durability Performance
Water transport
The 28-day and 90-day sorptivity data are shown in Table 2 , while the water absorption curves obtained by plotting the percentage of water absorbed (as determined by Equation 2) against time is shown in Figure 2 . Increasing the curing duration from 28 to 90 days resulted in a decrease of about 20% and 10% in the sorptivities of the plain CEM I 42.5R mix and the slag mixes respectively. Similar drops were also observed in the water absorption data shown in Figure 2 and Table 3 . This shows that prolonged curing improved the resistance to water penetration of all the mixes and agrees with the findings of (Güneyesi and Gesoğlu, 2008) .
As observed in the compressive strength results, the slag mixes had better resistance to water penetration than the plain CEM I 42.5R mix. This implies that the pore structure of the slag mixes were more compact and refined than that of the plain cement mix, and explains why the slag mixes had better strength performance than the plain CEM I 42.5R mix.
As also observed in the compressive strength results, the water penetration resistance of the slag 1 mix was better than that of the slag 2 mix. This can also be attributed to the higher basicity of slag 1, which will enable it to contribute more to the formation of hydration products and to the densification of the pore structure (Ogirigbo and Black, 2016) . Water absorption (%)
Duration of immersion (mins)
C cured for 28 days S1 cured for 28 days S2 cured for 28 days C cured for 90 days S1 cured for 90 days S2 cured for 90 days t = 30 mins Figure 2 : Water absorption curves for all the mixes 
Chloride Ion Transport
The depth of chloride ion penetration measured for samples which had been cured for 28 days before exposure to a 3% NaCl is shown in Figure 3 . The slag mixes were seen to have better resistance to chloride ion penetration than the plain CEM I 42.5R mix, especially at 90 days of exposure (see Figure  4 ). This can be attributed to two factors. The first, being the pore structure, which was seen from the results of the water penetration tests (Table 2 and Figure 2) to be more compact for the slag mixes than for the plain CEM I 42.5R mix. The second, being the chloride binding abilities of the mixes. Several studies (Dhir et al., 1996; Luo et al., 2003; Cheng et al., 2005; Thomas et al., 2012) have shown that slag blended cements have higher chloride binding capacities than plain cements. This implies that the slag mixes bound a greater proportion of the chloride ions that penetrated into the samples, leaving only few chlorides to remain in the pore solution as free chlorides. This high chloride binding ability exhibited by slags have been generally attributed to their higher alumina content (Dhir et al., 1996; Luo et al., 2003; Cheng et al., 2005; Thomas et al., 2012) , which in this study (as shown in Table 1 ) can be seen to be much higher for the slags than for the plain cement.
As also observed in the previous results shown, the slag 1 mix showed better resistance to the penetration of chloride ions as compared to the slag 2 mix. The reason for this can be seen from Table  1 , where the basicity and alumina content of slag 1 was significantly greater than that of slag 2. ion penetration for all mixes after exposure to 3% NaCl solution for 28 and 90 days C -28 days wet-cured S1 -28 days wet-cured S2 -28 days wet-cured Figure 4 : Pictures showing extent of chloride ion penetration into mortar samples exposed to a 3% NaCl solution for 90 days
Conclusions
This study investigated the strength and durability performance of slag blended cements in high temperature environments. In conclusion, the following points have been highlighted:
 All the mixes had gained more than 85% of their strength within the first 28 days. This was attributed to the influence of the high temperature curing, which accelerated the early hydration leading to high early strengths.  The slag mixes had better strength performance than the plain cement mix at all ages. In comparing the strength performance of both slag mixes, slag 1 performed better than slag 2 and this was attributed to its higher basicity.  For the transport properties studied (water and chloride penetration), the results obtained showed that curing for longer periods enhances the resistance to water penetration. The slag mixes showed better resistance to the penetration of water and chloride ions as compared to the plain cement. This was attributed to the more compact pore structure of the slag blends and their higher alumina contents.  In comparing both slags, slag 1 showed better transport properties than slag 2 especially in terms of resistance to the penetration of chloride ions. This was attributed to the higher basicity and alumina content of slag 1.
Overall, the results from this study implies that in hot climates like the tropical regions, slag blended cements have better strength and transport properties than plain cements. Nigeria is fairly rich in slag and is situated in the tropics. Since high temperature enhances the performance of slags, it is recommended that slags are used as partial replacement materials for PC. Also, standards stipulate a minimum CaO/SiO2 ratio for slags; for example, EN 197-1:2011 prescribes that for GGBS, the (CaO + MgO)/SiO2 ratio by mass must exceed 1. The findings of this study show that these ratios would be more important for consideration in tropical environments.
